Cellular changes were immunocytochemically characterized in skin vessels of five patients with idiopathic generalized racemose livedo {Sneddon's syndrome), and one patient with localized racemose livedo associated with essential thrombocythaemia. Antibodies against a-smooth muscle-actin, tropomyosin, desmin, vimentin, factor Vlll-related antigen, human endothelial cells (CD31), human macrophages (CD68), and HLA-DR positive cells (CR3/43) were used. Conventional light microscopy showed, in all cases, intimal thickening of ascending arteries and arterioles as a result of an accumulation of cells and extracellular hyalinized material. None of the specimens showed infiltration with polymorphonuclear leucocytes or macrophages. The cells in the region of the intima! hyperplasia showed intense positive immunostaining for o-smooth muscle actin and tropomyosin. Staining for the intermediate filament desmin was localized to the resident smooth muscle cells of the media, whereas staining for vimentin was found in all types of cells in both the intima and media. Positive immunostaining for factor VIH-related antigen and CD31 was strictly confined to the endothelial cells fining the narrowed lumina of the vessels. No positive staining with either antibody was observed in totally occluded vessels. Cells in the subintimal space did not show reactivity for CD68 in any of the specimens, but two cases showed sofitary cells with positive staining for HLA-DR in this region. There were no differences in staining pattern between Sneddon's syndrome and essential thrombocythaemia with any of the antibodies. Our results support the assumption that the 'intimal proliferation' in both diseases is caused by colonization of the subendothelial space with contractile cells of possible smooth muscle origin. The similarities in histopathology and immunocytochemistry might indicate that in both diseases platelet-derived factors play a causative role.
entity, and designated Sneddon's syndrome. It has been suggested from histological studies that the skin alterations are caused by 'intimal proliferation' in ascending arteries and arterioles in the upper subcutis and deep dermis.^'^"^^ In a previous electron microscopic investigation,^^ we observed an accumulation of cells, with the ultrastructural characteristics of vascular smooth muscle cells, in the subendothelial space of affected vessels. To further characterize these cells, skin biopsies from five patients with Sneddon's syndrome were investigated using immunohistochemical methods. The results were compared with those from a patient with localized racemose fivedo (LRL: circumscribed livedo in one or two adjacent anatomical regions, most often asymmetrical! in association with essential thrombocythaemia.
Methods
Patients Case 1. A 27-year old woman with GRL for 7 years. Several months before the onset of GRL, the patient suffered from an ischaemic stroke. She was a smoker, took oral contraceptives containing oestradiol-derivatives, and had arterial hypertension.
Case 2, A 50-year-old woman with GRL for 4 years. After the onset of GRL, she suffered from several ischaemic strokes. She was a smoker, and had arterial hypertension.
Case 3.
A 38-year-old woman with GRL for 5 years. One year before the onset of GRL. the patient had an ischaemic stroke. After the stroke, she suffered from grand mal attacks, and complained of blurred vision and vertigo. She had arterial hypertension and a history of intake of oral contraceptives.
Cases 4 and 5.
Forty-nine and 51-year-old women, with GRL for 8 and 10 years, respectively. Both patients were heavy smokers. To date, neither has developed any neurological abnormalities.
Case 6.
A 58-year-old woman with LRL for 3 months. The cutaneous abnormalities were localized to the heels, ankles, and lateral sides of both feet. The skin temperature in affected areas was raised. The patient suffered from a burning sensation of the palms and soles on exposure to warmth, consistent with a diagnosis of erythromelalgia (erythermalgia). Platelet counts were repeatedly above a level of 600 x 10^/1. The patient was a smoker, and suffered from arterial hypertension.
Assessment
Cases 1-5 were diagnosed as suffering from Sneddon's syndrome, and three had prior or concomitant cerebrovascular abnormalities. None of the patients had a positive VDRL test, autoantibodies, or rheumatoid factor, nor did they have a history of ulceration, bleeding, or other thrombotic episodes. Platelet counts in all cases were within the normal range {150-450 X 10^1).
Case 6, with LRL, underwent further haematological investigations, leading to a diagnosis of essential thrombocythaemia, according to the criteria of Murphy et al.^^M aterial Skin biopsies were obtained after intradermal injection of 1% lignocaine without adrenaline. Multiple punch biopsies (4 mm) were obtained, and processed for immunomicroscopy. According to tbe recommendations of Marsch and Muckelmann,^* the biopsies were taken from clinically normal-looking skin adjacent to the livid racemose streaks, and included the upper subcutis.
Immunohistochemistry
The skin biopsies were fixed in 4% buffered formaldehyde for 24 h, and then embedded in paraffin. Fivemicrometre sections were cut. and were either stained by a trichrome stain, or further processed for immunohistochemistry. The sections were deparaffinized, and preincubated for 45 min with Blotto's dry milk solution.^*' For demonstration of tbe intermediate filament desmin, a monoclonal antibody from Dakopatts (Hamburg, Germany) was used (clone D33, antihuman IgGl) at a dilution of 1: 50. For vimentin, a monoclonal mouse antiporcine antibody from Dakopatts (clone V9, IgGl)'^ was applied to the sections at a dilution of 1: 5. Demonstration of Q-smooth muscle (sm)-actin was performed using a monoclonal mouse antibody to smooth muscle specific a-sm-actin (clone 1A4, IgG2a)'** (Sigma, St Louis, MO, U.S,A.), The antibody was diluted in PBS (1:150) with 1% bovine serum albumin (Sigma). Tropomyosin was visualized using a monoclonal mouse antibody against chicken gizzard tropomyosin (clone TM311, IgG 1, Sigma) diluted 1: 100. The demonstration of monocyte/macrophageassociated antigens was achieved using mouse antihuman macrophage CD68 antibodies (clone PG-Ml, Dakopatts, diluted 1:50).^^ Endothelial cells were stained with antibodies against human endothefial cell CD 31 (clone JC/70A, Dakopatts, 1: 50),^" and against factor Vlll-associated antigen (clone F8/86, Dakopatts, 1:20). The presence of cells expressing MHC class II antigens was investigated with a monoclonal mouse antibody from Dakopatts (clone CR3/43, 1; 50).^' After incubation with the primary antibody for 90 min, the sections were either incubated with fiuorescein-Iabelled rabbit antimouse IgG (Dakopatts), or processed for the alkaline phosphatase anti-alkaline phosphatase (APAAP) technique. For the APAAP technique, the sections were incubated with rabbit antimouse immunoglobufins (Dakopatts) at a dilution of 1:25, and then incubated with the APAAP complex (1:1000, Dakopatts). Visualization of alkaline phosphatase was achieved with new fuchsin as suhstrate. The sections were mounted in Entellan (Merck, Darmstadt, Germany), and viewed with a Leitz Aristoplan microscope (Leitz, Wetzlar, Germany).
Results
Conventional light microscopy confirmed intimal thickening of ascending small-to medium-sized arteries at the dermis-subcutis border in all six cases. No changes were observed in the upper dermis. In addition to arteries, larger arterioles. with an ill-defined lamina elastica interna and a media two to three smooth muscle ceils in thickness were affected. The intimal thickening was caused by an accumulation of both cells and extracellular hyalinized material. Partially occluded vessels, which were characterized by a narrowed lumen and a crescent-like intimal proliferation, were present in all cases (Fig. 1) . In three of the cases (2, 4, 6), vessels with a totally occluded lumen were observed (Eigs 2, 4 and 5). Some of the occluded vessels contained small capillary lumina, indicating recanalization (Eig. 3). No platelet aggregates were seen in any of the affected vessels.
In all affected vessels, both the resident vascular smooth muscle cells, outside the elastica interna, as well as all cells within the subintimal thickening, showed positive immunoreactivity for a-sm-actin (Figs 2b and  3) . The staining pattern for tropomyosin was identical to that of a-sm-actin (Fig. lb) . Neither antibody stained endothelial cells. Positive staining for the intermediate filament desmin was observed in the media of arteries and arterioles (Fig. 4b) , where most of the resident smooth muscle cells were stained. Desmin staining was very weak in the cefis of the intima! proliferation. In contrast, staining for vimentin was found in all types of cells in both intima and media (Fig. 4c) . Positive immunoreactivity for factor Vlll-reiated antigen and CD 31 was strictly confined to the endothefial cells lining the narrowed lumen of the vessel (Fig. 5a) . No positive staining with either antibody was observed in totally occluded vessels. There was no reactivity for CD68 in cells in the region of intimal proliferation in any of the specimens (Fig. 5b) . In two cases (1 and 3), solitary cells in the intimal space stained with antibodies against HLA-DR. In all cases, several scattered macrophages in the perivascular connective tissue were positively labelled for CD68 and HLA-DR (Fig. 5b and c) . Compared with normal skin, there was no increase of such cells in the perivascular area. None of the specimens showed infiltration with polymorphonuclear leucocytes or macrophages.
There was no difference in staining pattern between GRL and LRL with tbrombocythaemia with any of the antibodies.
Discussion
In the present study, all cases of Sneddon's syndrome showed intimal profiferation in arteries at the dermissubcutis border, corroborating previous findings.'*'* ^' In contrast with the observations of Zelger et al.,^v essels with a poorly defined elastica interna and a media two to three muscle cells thick, which we regarded as arterioles, in accordance with standard definitions,^^ were also affected. Our results further underline our previous assumption, based on electron Arterial hypertension and heavy smoking, both of which are factors that contribute to atherosclerosis, are commonly associated with Sneddon's syndrome, and were present in all our investigated cases. However, in contrast with the intimal thickening which occurs in atherosclerosis,*" the afTected vessels in our patients did not show atherosclerotic plaques or accumulations of macrophages. In addition to histology, immunocytochemistry indicated that macrophages were very sparse in the intimal proliferation associated with Sneddon's syndrome. In addition to atherosclerosis, arterial hyper- ••a
•, V tension may also contribute to hyaline arteriolosclerosis in many organs, including kidney, pancreas, brain, and retina. This process includes necrosis of smooth muscle ceils and replacement of the media by an accumulation of amorphous hyaline material,'^'^^ Again, such vascular changes were not observed in our study. We therefore consider thai the vascular alterations observed in our patients are a characteristic part of the pathogenic process of Sneddon's syndrome, and are not induced by arterial hypertension or heavy smoking per se. In marked contrast with the findings of Zelger et al,^^ we did not see vessels with adherent monocytes, a lymphohistiocytic infiltrate, or a sponge-like plug formed by mononuclear cells, fibrin and red blood cells. Such changes might be characteristic of initial lesions only. In our study, neither the laboratory results nor the clinical features suggested a diagnosis of the antiphospholipid syndrome," which is characterized by ulcerative haemorrhagic skin lesions due to intravascular thrombosis.
Essential thrombocythaemia is known to occur in association with localized fivedo, predominantly on the soles and lateral aspects of the feet.^' *' In our study, the cutaneous vascular lesions in thrombocythaemia were immunocytochemically indistinguishable from those of the patients with Sneddon's syndrome. This is in agreement with the findings of Michiels et al., who also observed narrowing ofthe vascular lumina caused by proliferation of smooth muscle cells in the cutaneous lesions of patients with essential thrombocythaemia. It has been suggested that intimal proliferation in essential thrombocythaemia is caused by increased amounts of cytokines or growth factors released by platelets. Indeed, platelet-derived growth factor is one of the most potent growth stimulating factors for vascular smooth muscle cells.'"'^^ It is of interest that haemostatic abnormalities have been reported in Sneddon's syndrome, especially hyperreactivity of platelets.* It is not known whether platelet-derived factors may also account for the intimal proliferation in Sneddon's syndrome, but given the histopathological and immunocytochemical similarities between this entity and LRI^ associated with essential thrombocythaemia, it is distinctly possible.
